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Background of the Invention 

Field of the Invention 

[0002] This invention relates to wireless communication systems, and more 
particularly to wireless point to multi-point voice, data and video ("broadband") 
commxmication systems. 
Description of Related Art 

[0003] A wireless communication system facilitates two-way communication 
between a plurality of subscriber radio stations or subscriber xmits (either fixed or portable) 
and a fixed network infi-astructure. Exemplary systems include mobile cellular telephone 
systems, personal communication systems (PCS), and cordless telephones. The objective of 
these wireless communication systems is to provide communication channels on demand 
between the subscriber units and the base station in order to connect the subscriber unit user 
with the fixed network infi-astructure (usually a wired-line system). In the wireless systems 
using multiple access schemes, fi'ames of time are the basic transmission unit. Each fi^ame is 
divided into a plurality of slots of time. Some time slots are used for control purposes and 
some time slots are used for information transfer. Information is typically transmitted during 
time slots in the fi*ame where the time slots are assigned to a specific subscriber unit. 
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Subscriber units typically communicate with the base station using a "duplexing" scheme 
which allows for the exchange of information in both directions of connection. 

[0004] Transmissions from the base station to the subscriber unit are conmionly 
referred to as "downlink" transmissions. Transmissions from the subscriber unit to the base 
station are commonly referred to as "uplink" transmissions. Depending upon the design 
criteria of a given system, the prior art wireless commimication systems have typically used 
either time division duplexing (TDD) or frequency division duplexing (FDD) methods to 
facilitate the exchange of information between the base station and the subscriber units. Both 
the TDD and FDD duplexing schemes are well known in the art. 

[0005] In FDD systems, duplexing of transmissions between a base station and its 
subscriber units is performed in the frequency domain. Different sets of frequencies are 
allocated for uplink and downlink transmissions. For example, two well-known FDD systems 
are the pan-European GSM system (also known as Global System for Mobile 
Communication) and the North American IS-54 and IS- 136 wireless communication systems. 
Both of these systems use a TDMA (time-division multiple access) with an FDD duplexing 
approach. See, eg., D. J. Goodman, "Second Generation Wireless Information Networks," 
IEEE Trans. Veh. Tech., VT-40, No. 2, pp. 366-374, May 1991. The IS-54 air interface uses 
TDMA/FDD technology with three channels per 30-kHz AMPS carrier. The GSM air 
interface is characterized by an eight-order TDMA scheme with FDD. The available 
frequency band in Europe is 2*25 MHz, with radio channel spacing of 200 kHz. In both 
wireless systems, a base station transmits information to a plurality of subscriber units during 
a given first set of time slots and using a pre-determined set of downlink frequencies. 
Subscriber units transmit information to the base station using a pre-determined set of uplink 
frequencies. The uplink and downlink frequencies are offset or spaced in the frequency 
domain by a known spacing value. The duplex spacing in both the GSM and IS-54 systems 
is 45 MHz (Le., the downlink frequency of a given subscriber imit is separated by 45 MHz 
from the uplink frequency of that subscriber unit). 

[0006] Disadvantageous^, FDD systems require frequency separation between 
the uplink and downlink frequency bands. The bandwidth allocation schemes needed to 
provide a given service are made more complex and therefore more costly than those used by 
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TDD systems. FDD systems also disadvantageously require that a duplexor be provided with 
the subscriber unit antemia in order to separate the transmission and reception signals from 
each other at the antenna. Consequently, the complexity and costs associated with the 
subscriber unit are increased. Although FDD systems are effective in reducing interference 
between the uplink and downlink transmissions, FDD systems have limited flexibility and 
limited available frequency spectrum which is especially disadvantageous in broadband 
wireless communication systems. FDD systems allocate an equal or symmetrical bandwidth 
for both the uplink and downlink transmissions. However, many broadband services have 
asymmetrical bandwidth requirements (/.e., the percentage of downlink transmissions far 
outnxmiber the percentage of uplink transmissions, or vice versa). An FDD approach 
therefore results in under-utilized spectrum when used to duplex transmissions in a 
broadband communication system. The FDD approach also disadvantageously requires that 
adequate frequency spectrum be available for both uplink and downlink transmissions when 
converting to another frequency band for a related application. 

[0007] In TDD systems, duplexing of transmissions between a base station and its 
subscriber units is performed in the time domain. A selected subscriber unit typically 
communicates with a selected base station using a specific pre-defined radio frequency. The 
channel is time-divided into repetitive time periods or time "slots" which are employed for 
uplink and downlink transmissions. In contrast to FDD systems, frequency allocation or 
frequency reuse patterns are simplified because there is no requirement of frequency 
separation between the uplink and downlink transmissions. Both the uplink and downlink 
transmissions occur during different pre-determined time slots using the identical radio 
frequency. However, the subscriber units in the TDD systems disadvantageously must 
accommodate an increased instantaneous bit rate which is required due to the time sharing of 
the channel. The modems in the subscriber units of TDD systems are typically active only 
one-half of the time. As a consequence, in order to achieve the same average bit-rates, the 
typical TDD modem is more complex than it would be in a system which would allow the 
modems to always remain active. Therefore, the TDD modems are more complex and 
therefore more costly than necessary to achieve a given average bit rate. 
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[0008] One well-known application for the TDD approach is found in digital 
cordless telephone (DCT) systems. Transmission standards or specifications have been 
developed in both Japan and Europe for use in designing DCT systems. Each of the 
transmission standards use a TDD technique for two-way communication. The Japanese 
DCT transmission standard specifies the use of a plurality of individual carrier signals having 
a fi*equency separation of 300 kHz within an overall system bandwidth of about 23 MHz 
between approximately 1,895 MHz to 1,918 MHz. Each carrier signal must support four 
channels in a TDMA format employing TDD for two-way communication. In particular, for 
each fi-ame of time (5 ms) there are four transmit time slots (one for each channel) and four 
receive time slots (one for each channel). Each slot is approximately 625 micro-seconds 
duration with a guard time of approximately 30 micro-seconds provided within each slot. 

[0009] By contrast, the European DCT system, or Digital European Cordless 
Telecommunication (DECT) system specifies a series of carriers spaced 1,728 MHz apart 
within an overall bandwidth of approximately 17.28 MHz. The DECT standard provides a 
network architecture in addition to an air interface physical specification and protocols. Ten 
carrier firequencies are employed in conjimction with twenty-four time slots per carrier and 
ten carriers per 20 MHz of fi*equency spectrum. A TDD approach is used for transmission 
between the cordless telephone and the base station. A transmission channel is formed via a 
combination of a time slots and fi:'equencies. Transmissions occur during a ten millisecond 
time frame wherein each frame comprises twenty-four time slots. Twelve of the time slots 
are used for transmissions from the base station to the handset (downlink transmissions) 
while twelve are used for transmissions from the handset to the base station (uplink 
transmissions). 

[0010] Because the DECT channels allocate an equal amount of time (and thus 
bandwidth) for both the uplink and downlink transmissions, the DECT TDD duplexing 
scheme is said to be "symmetrical" in nature. A symmetrical duplexing system is sufficient 
for systems (such as the DECT system) where, on the average, an equal amount of bandwidth 
is required for reception and transmission of information. However, symmetrical duplexing 
systems are inefficient in communication systems offering services requiring an asymmetric 
infomiation exchange between the base station and subscriber stations. This is especially 
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true in wireless communication systems offering wideband or "broadband" services such as 
voice, data and video services. 

[0011] In wireless conmiunication networks offering broadband services there is 
no guarantee that the uplink and downlink transmissions will have equal or symmetrical 
bandwidth requirements. In fact, in many scenarios currently being contemplated, it is likely 
that the bandwidth requirements will be unequal and asymmetrical. There are several factors 
driving this observation. First, the ratio of uplink and downlink bandwidth requirements is 
somewhat dependent upon the service provided over the link. For example, a typical 
telephony voice service ("POTS"-type service) has a largely symmetric uplink/downlink 
bandwidth requirement. However, in contrast, a broadcast video service requires a largely 
asymmetric uplink/downlink bandwidth requirement. Most of the information provided 
during a broadcast video service is uni-directional (most of the information is transmitted 
from the base station to the subscriber xmit via the downlink, with very little or no 
information transmitted via the uplink). Therefore, the uplink bandwidth requirement of 
such a service is negligible as compared to the downlink bandwidth requirement. 

[0012] Second, the ratio of uplink/downlink bandwidth desired will vary between 
channels in a broadband services system because each channel shall carry a multitude of 
diverse services. Each service shall have its own unique bandwidth requirements for 
transmission and reception. Third, the need for symmetrical or asymmetrical communication 
in a channel varies depending upon the type of user. For example, in cases where a small 
business accesses the broadband services network for video conferencing or computer 
networking appUcations, the uplink/downlink bandwidth requirements shall be largely equal 
and symmetric. In contrast, in cases where a residential user accesses the broadband 
services network for video-on-demand (VOD) applications, the uplink/downlink bandwidth 
requirements shall be unequal and asymmetric. In these cases, the downlink shall require 
much more bandwidth than the uplink. 

[0013] Therefore, a need exists for a method and apparatus which can flexibly and 
dynamically allocate uplink and downlink bandwidths in a time division duplexing scheme. 
The method and apparatus should be responsive to the needs of a particular link. The 
bandwidth needs may vary due to several factors, including the type of service provided over 
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the link and the user type. The prior art systems have attempted to accommodate the need for 
asymmetric links by utilizing different modulation schemes for the uplink and the downlink. 
Under this approach, all typical bandwidth need scenarios are "averaged." This results in 
using a more spectrum efficient modulation scheme for the downlink. For example, a QAM- 
16 modulation scheme may be selected over a GMSK scheme. However, the prior art 
systems using this approach disadvantageous^ share the communication channel equally in 
time between the uplink and downlink transmissions. Consequently, the prior art solutions 
have been sub-optimal because they solve the asymmetry problem by satisfying the "average" 
bandwidth requirement. 

[0014] However, as described above, the uplink and downlink bandwidths 
required in broadband networks and by broadband services are very unpredictable. In one 
sense, there is no average or typical scenario. Therefore, a need exists for an adaptive time 
division duplexing method and apparatus which can flexibly, efficiently, and dynamically 
allocate the uplink and downlink bandwidths for use in a broadband service network. The 
present invention provides such a adaptive time division duplexing method and apparatus. 

Sunmiarv of the Invention 
[0015] The present invention is an adaptive time division duplexing (ATDD) 
method and apparatus for duplexing transmissions in wireless commxmication systems. The 
present ATDD invention facilitates the efficient use of communication channels in wireless 
communication systems by adapting to the uplink and downlink bandwidth requirements of 
the channels. In accordance with the present invention, the commxmication link bandwidth 
requirements are continuously monitored using sets of pre-determined bandwidth 
requirement parameters. The present ATDD invention flexibly and dynamically allocates 
time slots for either uplink or downlink transmissions in response to the changing bandwidth 
needs of the communication links. The present invention is particularly useful in wideband or 
broadband wireless communication systems, although it may also be used in any data 
communication system where an adaptive and dynamic time division duplexing transmission 
scheme is desirable. 
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[0016] In contrast to the TDD systems of the prior art which have time slots 
dedicated for either uplink or downlink transmissions, the present ATDD invention 
dynamically changes the time slot designation as either an uplink or downlink transmission 
period. Consequently, the uplink/downlink bandwidth allocation can be changed to 
accommodate the uplink/downlink bandwidth requirements of the link. The present ATDD 
invention thus advantageously allows channels to use either a symmetric or asymmetric 
uplink/downlink time slot allocation depending upon the needs of the channel. In the case of 
asynmietric time slot allocation, the present ATDD invention alternatively allows asymmetry 
in favor of the uplink (i.e., allocates more uplink time slots than downlink time slots) or in 
favor of the downlink (i.e., allocates more downlink time slots than uplink time slots). 

[0017] A myriad of time slot allocation schemes are possible. One simplified 
time slot allocation scheme uses a "frame-based" approach which allows the system to 
dynamically allocate a first number of time slots of a frame for downlink (aUematively, 
uplink) transmissions only while configuring the remaining time slots of the frame for uplink 
(alternatively, downlink) transmissions. An alternative frame-based approach similarly 
allows the system to dynamically allocate a first number of time slots of a frame for downlink 
(alternatively uplink) transmissions only, however the remaining time slots of the frame may 
be allocated for either uplink or downlink transmissions, depending upon the channel 
bandwidth needs. 

[0018] The present ATDD invention is particularly advantageous when used in a 
wireless commimication system offering broadband data, video and telephone services. The 
wireless commimication system preferably comprises a plurality of cells organized into cell 
clusters, each cell including a base station having an associated active antenna array, and 
each base station providing wireless connectivity to a plurality of customer sites having a 
plurality of customer premises equipment. The customers are presently contemplated to be 
either residential or small business users. The coordination of cell activity within a cell 
cluster is preferably controlled by a cluster controller. The broadband services include 
telephone services and data services such as fast internet, 10-BaseT data service, local area 
network and wide area network connectivity. Video services include broadcast video and 
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video-on-demand services for residential users, and video conferencing and distance learning 
for business users. 

10019] In one preferred embodiment of the present invention, channel efSciency 
and data bandwidth improvements are achieved by using bandwidth requirement parameters 
to monitor and update the conmumication link time slot allocations. In accordance with the 
present invention, each communication session is preferably assigned both an "initial" and an 
"actual" set of bandwidth parameters. The initial set of bandwidth parameters can be 
established when the system is first installed. The actual set of bandwidth parameters are 
created and maintained by the system using the monitoring and updating technique of the 
present invention. Once the system learns about the exact nature of a communication 
session's bandwidth requirements it updates the initial values to accurately reflect the actual 
bandwidth requirements of the channel, hi addition to assigning, monitoring, and updating 
session bandwidth parameters, the present ATDD invention also maintains a set of 
bandwidth parameters for both the base stations and the cluster controllers of the wireless 
commimication system. The base station parameters are used in controUing the 
uplink/downlink time slot allocations for a given cell. The cluster parameters are used in 
controlling the uplink/downlink time slot allocations for all of the cells in a given cluster. 
One preferred technique of monitoring and controlling the uplink/downlink bandwidths is 
described. The technique described comprises two phases: an initialization phase and a 
tracking or monitoring phase. Other monitoring techniques can be used with the present 
invention. 

[0020] The details of the preferred and alternative embodiments of the present 
invention are set forth in the accompanying drawings and the description below. Once the 
details of the invention are known, numerous additional iimovations and changes will 
become obvious to one skilled in the art. 

Brief Description of the Drawings 
[0021] FIGURE 1 is a timing diagram showing symmetric time slot allocations 
for uplink and downlink transmissions as used by prior art time division duplexing methods. 
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[0022] FIGURE 2 is a timing diagram showing asymmetric uplink and downlink 
time slot allocations in accordance with the present invention. 

[0023] FIGURES 3a and 3b are timing diagrams showing frame-based adaptive 
time slot allocation schemes in accordance with the present invention. 

[0024] FIGURE 4 is a block diagram of an exemplary broadband wireless 
communication system for use with the present invention. 

[0025] FIGURE 5 is a block diagram of a communication hub used in the 
wireless communication system of FIGURE 4. 

[0026] FIGURE 6 is a block diagram of cell site used in the wireless 
commxmication system of FIGURE 4. 

[0027] FIGURE 7 is a block diagram of a preferred residential customer premises 
equipment (CPE) used in the wireless conmiunication system of FIGURE 4. 

[0028] FIGURE 8 is a block diagram of a preferred business customer premises 
equipment (CPE) used in the wireless communication system of FIGURE 4. 

[0029] FIGURE 9 is a block diagram of a cell configuration showing the cells of 
FIGURE 4 grouped into a cell cluster wherein the cell cluster comprises seven contiguous 
cells. 

[0030] Like reference numbers and designations in the various drawings indicate 
like elements. 

Detailed Description of the Invention 

[0031] Throughout this description, the preferred embodiment and examples 
shown should be considered as exemplars, rather than as limitations on the present invention. 

[0032] The present invention is an adaptive time division duplexing (ATDD) 
method and apparatus for duplexing transmissions over a communication link in a wireless 
communication system. Without significantly altering existing wireless communication 
systems, the present ATDD invention facilitates the efficient use of communication channels 
by adapting to the uplink and downlink bandwidth requirements of the channels. The 
invention is particularly useful in wideband or broadband wireless communication systems, 
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although it may be used with any data communication system where an adaptive and flexible 
time division duplexing transmission scheme is desirable or necessary. 

[0033] As described above, the typical TDD system uses a symmetric allocation 
of uplink and downlink transmissions. FIGURE 1 is a timing diagram showing equal use of 
time slot allocations for the uplink and downlink transmissions as present in a typical TDD 
system of the prior art. As shown in FIGURE 1, an uplink transmission occurs during a first 
time slot 7;. During the first time slot Ta, 2i selected subscriber station transmits information 
to a selected base station over a pre-determined radio fi-equency. Similarly, a downlink 
transmission occurs during a second time slot J^. During this second time slot Tt, the 
selected base station transmits information to the selected subscriber unit over the same pre- 
determined radio frequency. As shown in FIGURE 1, the commimication channel continues 
to altemate symmetrically between uplink and downlink transmissions in the subsequent time 
slots. For example, during a third time slot Ta an uplink transmission occurs over the 
channel as in the first time slot 7^. Similarly, during a fourth time slot Tb\ downlink 
transmission occurs as in the second time slot T^, and so forth in the fifth time slot Ta\ 

[0034] The TDD systems of the prior art fail to accommodate the dynamic and 
asymmetric bandwidth needs of a broadband communications network and associated 
broadband services. The present invention addresses these needs by providing an adaptive 
time division duplexing (ATDD) method and apparatus for use in a wireless communication 
system. The present ATDD invention flexibly and dynamically allocates the uplink and 
downlink bandwidths based upon the bandwidth requirement of a particular link. As 
described hereinabove, the uplink and downlink bandwidth requirements of a selected link in 
a wireless communication system vary due to the types of services and users of the selected 
link. The present ATDD method and apparatus adapts the time slot uplink/downlink ratio to 
meet the uplink/downlink bandwidth requirements of a given service and for a given user 
type. 

[0035] FIGURE 2 is a timing diagram showing how the present ATDD invention 
advantageously allocates time slots for uplink and downlink transmissions. In contrast to the 
TDD systems of the prior art wherein each time slot is fixed and dedicated for either an 
uplink or a downlmk transmission, the present ATDD invention allows time slots to be 
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flexibly and adaptively used for either uplink or downlink transmissions. Further, while the 
prior art channels shared bandwidth equally between the uplink and downlink transmissions, 
the present ATDD invention allows channels to be either symmetric or asymmetric in nature, 
depending upon the bandwidth needs of a particular link. FIGURE 2 shows one possible 
time slot allocation scheme. However, it should be appreciated that the present invention is 
not limited to the time slot allocation shown in FIGURE 2. Rather, the present ATDD 
invention contemplates a myriad of time slot allocations, wherein virtually any combination 
of uplink and downlink transmissions are possible. 

[0036] As shown in FIGURE 2, an uplink transmission occurs during a first time 
slot Ta. Similar to the timing diagram of FIGURE 1, a downlink transmission occurs during 
a second time slot Tb. However, in contrast to the prior art TDD approaches, the ATDD 
method and apparatus of the present invention allows multiple contiguous and consecutive 
downlink (or, altematively, uplink) transmissions to occur over a given channel. For 
example, as shown in FIGURE 2, a second downlink transmission occurs during a third time 
slot Tc. Similarly, a third consecutive downlink transmission occurs during a fourth time slot 
Td. The pattem repeats itself at a fifth time slot Ta. As shown in FIGURE 2, during the fifth 
time slot Ta\ an uplink transmission occurs over the channel as in the first time slot Ta. 
Similarly, during a sixth time slot Tb\ a downlink transmission occurs as in the second time 
slot Tb. During a seventh time slot Tc\ a second consecutive downlink transmission occurs 
as in the third time slot Tc, and so forth in an eighth time slot Td\ 

[0037] The present ATDD invention is particularly advantageous when used in a 
wireless communication system capable of providing wideband or broadband services, such 
as data, voice and video services. As described hereinabove, the present ATDD invention 
allows uplink and downlink bandwidths to be varied depending upon the particular needs of 
a communication channel and a particular user type. For example, the timing diagram shown 
in FIGURE 2 allows seventy-five percent of the available bandwidth to be used for downlink 
communications and twenty-five percent for uplink communications. This uplink/downUnk 
bandwidth ratio may be appropriate for some types of broadband data and video services, and 
for some types of network users. 
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[0038] The present ATDD method and apparatus is flexible in that it can use any 
given time slot for either an uplink or a downlink transmission. As described in more detail 
hereinbelow, the average bandwidth requirement for a given channel can be calculated using 
a variety of techniques. The time slot allocation for a link (Le,, the ratio of time slots used 
for uphnk and downlink transmissions) is typically directly related to the bandwidth 
requirements of the link. Thus, once the average bandwidth requirement for a given link is 
determined, the time slot allocation can be established for that link using the present ATDD 
invention. For example, an average bandwidth requirement can be performed at the time that 
a selected link is first installed in the communication network. The average bandwidth 
requirement can depend upon such factors as the service profile or the system environment. 
The communication system uses the average bandwidth requirement information to configure 
the ratio of time slots used for the uplink and downlink transmissions over a given channel. 

[0039] As an alternative to establishing the time slot ratio upon link installation, 
the ATDD method and apparatus of the present invention can also adaptively and 
dynamically change the time slot ratio for a link based upon the constantly varying service 
and user bandwidth requirements. The method and apparatus of the present invention 
preferably dynamically monitors and analyzes the service types and service bandwidth 
requirements presently active in the wireless communication network, and more specifically, 
active on any given radio communications link. The communication system can 
continuously monitor each link and gather information about each link's bandwidth 
requirements. The information gathered by the communication system can be used to re- 
examine, firom time to time, the ratio of uplink and downlink time slots. The system can 
dynamically re-configure the time slot ratio according to each link's bandwidth needs. 
Consequently, a far improved channel bandwidth utilization and increased channel efficiency 
is achieved using the ATDD method and apparatus of the present invention. The increase in 
channel efficiency consequently translates into an increase in the number of users served and 
in the nimiber of services offered by the communication system. 

[0040] A simplified time slot allocation process can be achieved by using a 
"fi-ame-based" allocation scheme as shown in FIGURES 3a and 3b. As shown in FIGURES 
3a-3b, a firame is defined as comprising ^consecutive time slots (where AT remains constant). 
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In the first "fi^ame-based" approach shown in FIGURE 3a, the communication system 
dynamically configures the first Nj time slots (where is greater than or equal to Nj) for 
downlink transmissions only. The remaining N2 time slots are dynamically configured for 
uplink transmissions only (where N2 equals A^-A^y). 

[0041] A second firame-based approach for allocating time slots in a 
communication channel is shown in FIGURE 3b. This fi-ame-based allocation scheme is 
similar to that shown in FIGURE 3a, with the exception that the remaining N2 time slots are 
no longer configured only for uplink transmissions. Specifically, as shown in FIGURE 3b, 
and identically to the first fi-ame-based approach of FIGURE 3 a, the first Nj time slots (where 
Nis greater than or equal to A^y) are dynamically configured for downlink transmissions only. 
However, in contrast to the firame-based approach of FIGURE 3 a, the remaining N2 (where 
N2 equals A^-A^y) time slots are not configured for uplink transmissions only. Rather, the 
remaining N2 time slots can be used either for uplink or downlink transmissions, depending 
upon the bandwidth requirements of the channel For example, as shown in FIGURE 3b, the 
first five N2 time slots {N2j) are used for uplink transmissions. The next five consecutive N2 
time slots (N22) are used for downlink transmissions. 

[0042] The time slot allocations shown in FIGURES 3a and 3b are exemplary 
only, and the scope of the present invention should not be limited by the number of time slots 
or the uplink/downlink allocations shown. For example, although the first A^y time slots of a 
fi-ame are shown in FIGURES 3a and 3b as configured for downlink transmissions only, they 
could altematively be configured for uplink transmissions, with the remaining N2 time slots 
configured for downlink transmissions. Similarly, the number of time slots in a fi-ame can 
vary without departing firom the scope of the present invention. Finally, the number of time 
slots used for A^y, N2, N2h and N22 can vary without departing firom the scope of the present 
ATDD invention. 

[0043] In addition, the present invention contemplates use in TDD systems which, 
for all intents and purposes, remain stable and therefore not adaptive, yet which facilitate 
asymmetric bandwidth allocation. For example, the present ATDD method and apparatus 
can be used to initially configure a radio communications link to have the bandwidth 
allocation shown in FIGURES 3a and 3b. Once the link is so configured, it can remain stable 
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and asymmetric. As those skilled in the art will appreciate, virtually any ratio of uplink to 
downlink allocations can be established using the present ATDD method and apparatus. 

[0044] As described above, the ATDD method and apparatus of the present 
invention is contemplated for use in a wireless communication system capable of offering 
broadband data and video services to a variety of residential and business users. A brief 
description of such a preferred wireless communication system is given below. The wireless' 
system demonstrates one potential application for the present invention. However, the 
present ATDD invention is not limited for use in the particular system described. Rather, the 
present ATDD invention has a broad range of applications and can find utility in many 
different commimication environments. 

Description of a Wireless Communication System for use with the Present ATDD 
Invention - System Overview 

[0045] As described above, the present ATDD invention is particularly useful in a 
broadband wireless communication system wherein the communication links in the system 
must adapt their uplink and downlink bandwidth allocations to accommodate the bandwidth 
requirements of a given service or user type. Such an exemplary wireless communication 
system is shown in the block diagram of FIGURE 4. In cellular communication systems, 
geographic areas or regions are typically divided into cells that are theoretically hexagonally 
shaped. The size of a cell is typically defined by the transmitting coverage of a base station 
which is usually centered within the cell it serves. For example, the average cell radius of the 
cells shown in FIGURE 4 is typically between 2.5 and three kilometers. However, the 
operability of the present ATDD invention is not dependent upon the cell size. Rather, the 
present ATDD invention can be used in wireless systems having larger or smaller cells. Each 
cell within the system is typically allocated one or more radio firequency channels. In a 
fi-equency division multiple access (FDMA) system, adjacent or nearby cells are assigned 
separate fi^equencies. 

[0046] Referring again to FIGURE 4, the wireless communication system 100 
comprises a plurality of cells 102. Each cell 102 contains an associated cell site 104 which 
primarily includes a base station 106 and an active antenna array 108. Each cell 102 within 
the wireless conununication system 100 provides wireless connectivity between the cell's 
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base station 106 and a plurality of customer premises equipment (CPE) 110 located at fixed 
customer sites 1 12 throughout the coverage area of the cell 102. It is presently contemplated 
that the users of the system 100 will be both residential and business customers, and thus will 
require various types of services and varying uplink/downlink bandwidth allocations. Each 
cell shall service approximately 1,000 residential subscribers and approximately 300 business 
subscribers. As shown in FIGURE 4, the cell sites 104 communicate with a communications 
hub 1 14 using a "non-radio fi^equency*' type of communication link or "back haul" 1 16. The 
back haul 116 preferably comprises either a fiber-optic cable or a microwave link. The 
communications hub 114 interfaces the wireless communication system 100 with public 
network service providers via one or more wired communications links (not shown). 

[0047] The radio communication within a cell 102 is preferably bi-directional in 
nature. Information is allowed to flow in both directions between the base stations 106 and 
the plurality of CPEs 110. The base station 106 preferably broadcasts multiple simultaneous 
high bit-rate channels. Each channel comprises different multiplexed information streams. 
The information in a stream includes address information which enables a selected CPE 110 
to distinguish and extract the information intended for it. The wireless communication 
system 100 of FIGURE 4 provides true "bandwidth-on-demand" to the plurality of CPE 1 10. 
The quality of the services available to customers using the system 100 is variable and 
selectable. The amount of bandwidth dedicated for a given service is determined by the 
information rate required by that service. For example, a video conferencing service requires 
a great deal of bandwidth with a well controlled delivery latency. In contrast, certain types of 
data services are often idle (which then require zero bandwidth) and are relatively insensitive 
to delay variations when active. The ATDD method and apparatus of the present invention 
can be used in the system of FIGURE 4 to facilitate the efficient delivery of both service 
types in addition to others. 
Communications Hub 

[0048] FIGURE 5 shows a block diagram of the communication hub 114 of 
FIGURE 4. As shown in FIGURE 5, the communication hub 114 preferably includes at least 
an internet access apparatus 118, a teleconmiunications company electronic switching 
apparatus (Telco Switch) 120, and a network management computer system 122. As noted 
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above, the hub 114 provides access to pubUc networks (typically wired) such as voice (/.e, 
Telco "POTS") and data (i.e., "Internet") networks to allow users of the wireless network 100 
(FIGURE 4) access to the services provided by these networks. All of the services provided 
by the public networks are typically "back-hauled" to the hub 114 via a non-RF 
communication link (not shown). The public networks are interfaced within the hub 114 by 
appropriate access and switching equipment. For example, access to a public switched 
telephone network is provided via the Telco switch 120. Similarly, access to the world-wide 
web or Internet is provided via the intemet access apparatus 118. The network management 
computer system 122 preferably enables the hub 114 to also function as a regional network 
management controller. Using the system 122 the hub can control and coordinate the 
operation of a plurality of cells 102. This cell controller function is described in more detail 
hereinbelow with reference to the description of one preferred system parameter monitoring 
technique. 
Cell Site 

[0049] FIGURE 6 shows a block diagram of the cell site 104 of FIGURE 4 used 
in the wireless communication system 100. As described above, the cell site 104 preferably 
comprises a base station 106 and an active antenna array 108. As shown in FIGURE 6, the 
base station preferably includes back-haul interface equipment 124, an ATM switch 126, a 
video server control computer 128, a modular modem bank 130, an antenna distribution 
system 132 and direct broadcast satellite (DBS) receiver equipment 134. The base station 
can also altematively include a video server (not shown in FIGURE 4). The back-haul 
interface equipment 124 allows the base station to communicate with the hub 1 14 (FIGURES 
4 and 5). The ATM switch 126 functions at the core of the base station 106 to interconnect 
the various services and subscribers at appropriate service and bandwidth levels. The 
modular modem bank 130 and active antenna distribution system 132 facilitate the wireless 
communication between the base station 106 and the plurality of CPE 110 (FIGURE 4) in the 
cell 102 served by the base station. 

[0050] The base station 106 and more particularly the modem bank 130 is 
preferably modular in design. The modular design of the base station 106 allows the 
installation of lower capacity systems that can be upgraded in the field as capacity needs 
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dictate. The modem bank 130 perfomis both the media access protocol layer and the 
modulation/de-modulation functions that facilitate high-speed communication over the 
wireless link. The modem bank 130 preferably is connected via a cable to the active antenna 
array 108 which is preferably mounted on a tower or a pole proximate the base station 106. 
The active antenna array 108 preferably contains high-frequency radio electronics (not 
shown) and antenna elements. 
CPE 

[0051] FIGURES 7 and 8 are block diagrams of the customer premises equipment 
(CPE) 110 shown in FIGURE 4. As described above, the subscribers of the wireless 
communication system contemplated for use with the present ATDD invention may be either 
residential or business customers, FIGURE 7 is a block diagram of a preferred residential 
CPE 110. FIGURE 8 is a block diagram of a preferred busmess CPE 110\ As shown in 
FIGURE 7, the residential CPE 110 preferably includes an antenna 140 and a residential 
wireless gateway apparatus 142. The residential gateway 142 is preferably installed on a side 
of the residence 144. An up/down converter (not shown) is preferably co-located with the 
antenna 140, The residential gateway 142 preferably includes a network interface unit (NIU) 
146 and a service gateway unit 148. The NIU 146 performs the functions necessary to allow 
the residential user to communicate with the wireless communication system, such as 
performing low frequency RF communication, modem and ATM functions. The NIU 146 
performs the necessary communication interface functions including airlink and protocol 
interface functions to allow the residential user access to the network. The service gateway 
unit 148 allows the residential user to gain access to the services provided over the 
communications system. For example, as shown in FIGURE 7, the service gateway unit 148 
preferably mcludes an MPEG decoder, NTSC video interface, telephone interface and 10- 
baseT data interface. 

[0052] The residential gateway 142 interfaces to the various service access points 
within the residence 144. The residential gateway 142 contains the necessary hardware and 
software for interfacing to the radio communications airlink and for driving various services 
into the residence 144. In addition, by interfacmg with the telephone wiring 147 within the 
residence 144, the residential gateway 142 is capable of providing a variety of telephone 
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services to the residence 144. Similarly, by interfacing with copper or co-axial wiring 149 
within the residence 144, the residential gateway 142 is capable of providing 10-baseT and 
other data services to equipment 150 (such as a personal computer depicted in FIGURE 7) 
within the residence 144. Finally, the residential gateway 142 can also provide broadcast 
video and data-centric television services to a pluraUty of television systems 152 by 
interfacing with standard cable television co-axial cabling 154 in the residence 144, The 
residential gateway 142 is designed in a modular fashion to service multiple data, telephone, 
and video lines. Thus, a single residential gateway 142 is sufficiently flexible to 
accommodate the communication needs of any residential customer. 

[0053] FIGURE 8 is a block diagram of the preferred business CPE 110' of 
FIGURE 4. The preferred business CPE 1 10' is designed to provision and provide services 
to a small business customer site 112. As shown in FIGURE 8, the business CPE 110' 
preferably includes an antenna 140' and a business wireless gateway apparatus 142'. The 
antenna 140' is preferably affixed to the business site building 144' and includes a co-located 
up/down converter (not shovm). The business gateway 142' is preferably installed in a 
wiring closet within the business site building 144'. The communication interfaces of the 
business gateway 142' are similar to those of the residential gateway 142 (FIGURE 7). 
However, the service interfaces of the business gateway 142' differ fi'om those of the 
residential gateway 142. The business gateway 142' preferably includes interfaces capable of 
driving voice and data services typically used by small business customers. These include 
integrated services digital network (ISDN), local area network (LAN), PBX switching and 
other standard voice and data services. 

[0054] As shown in FIGURE 8, a "two-box" solution is presently contemplated 
for implementing the business gateway 142', An "off-the-shelf multi-service concentrator 
156 can be used to provide the business user services and to convert the outgoing data into a 
single transport stream. The business gateway 142' also includes a wireless gateway 
apparatus 158 which contains the necessary hardware and software for interfacing to the 
radio communications airlink and for driving various services into the business site building 
144'. Altematively, the wireless functionality provided by the business gateway 142' can be 
integrated into the multi-service concentrator 156 in order to reduce costs and provide a more 
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integrated business gateway solution. Different types of multi-service concentrators 156 can 
be used depending upon the size and needs of the business customer. Thus, a network 
provider can deploy a cost effective solution with sufficient capabilities to meet the business 
customer's needs. 

[0055J Various types of services can be provided to the business customer using 
the CPE 110' of FIGURE 8. For example, by providing standard telephone company 
interfaces to the business customer, the business CPE 110' gives the customer access to 
telephone services yet only consxmies airlink resources when the telephone services are 
active. Network providers therefore achieve significant improvements in airlink usage 
efficiency yet are not required to modify or overhaul conventional interfaces with the 
business customer's equipment (e.g., no changes need to be made to PBX equipment). In 
addition, the business gateway 142' can support HSSI router and 10-BaseT data interfaces to 
a corporate LAN thereby providing convenient Internet and wide area network (WAN) 
connectivity for the business customer. The business gateway 142' will also enable a 
network provider to provision "frame-relay" data services at the customer's site. The 
business gateway 142' can support symmetrical interface speeds of 10 Mbps and higher. 

[0056] Finally, the CPE 1 10' facilitates the transmission of various types of video 
services to the business user. The video services preferably primarily include distance 
learning and video conferencing. However, in addition, the business CPE 110' can include 
ISDN BRI interfaces capable of supporting conventional video conferencing equipment. 
Using these interfaces, the business users will have the option of either viewing or hosting 
distance learning sessions at the business site building 144'. 

[0057] As described above, the present ATDD method and apparatus allows time 
slots to be dynamically re-configured to meet the bandwidth needs of each link in the 
communication system. A simplified approach is to establish and fix each communication 
link's uplink/downlink time slot ratio at the time that the link is initially installed. A more 
complex yet more efficient approach requires that the communication system monitor several 
different system parameters in order to adaptively and dynamically change the channel time 
slot ratio based upon the varying bandwidth requirements. One preferred method and 
apparatus for monitoring the communication system parameters and for updating the chaimel 
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time slot ratio is described below. Although one technique is described herein, the present 
ATDD invention contemplates several alternative approaches. 

One Preferred Method for Monitoring System Bandwidth Requirements and Updating 
Uplink/Downlink Time-Slot Allocations 

[0058] If the cells 102 of FIGURE 4 are in sufficiently close proximity to each 
other and the base stations 106 use similar frequencies for the transmission and reception of 
radio signals, significant co-channel interference and signal distortion can result. To reduce 
the deleterious effects of co-channel interference, the prior art cellular communication 
systems typically organize contiguous cells 102 into relatively small groups (usually between 
four and eight cells per cluster) of "cell clusters". FIGURE 9 shows the cells 102 of FIGURE 
4 grouped into a cell cluster 160 wherein the cluster 160 comprises seven contiguous cells 
102. The prior art cellular communication systems typically assign different transmit and 
receive frequencies to each cell 102 (and their respective base stations) within a cluster 160 
to reduce the co-channel interference caused by base stations in the cluster. Contiguous cell 
clusters 160 are typically assigned the same transmit and receive frequencies by the carrier. 
This practice is commonly referred to as "frequency reuse". 

[0059] In the communications system used to practice the present ATDD 
invention, co-channel interference is reduced by synchronizing the cell transmit/receive base 
stations 106 within a cluster 160 to a common time base. In systems which also synchronize 
the transmit and receive base stations across different clusters, the common time base for a 
given cluster 160 may be generated by use of Global Positioning System (GPS) receivers, 
local time broadcasts, network timing, or other techniques. Thus, the transmissions and 
receptions of all base stations 106 within a cluster 160 are preferably synchronized. 

[0060] As shown in FIGURE 9, the synchronization, control and management of 
base stations 106 within a cluster 160 is preferably performed by a cluster controller 162. 
The cluster controller 162 controls the operation, timing and uplink/downlink bandwidth 
allocations of each of the base stations 106 in a cluster 160. In some systems, the ftmctions 
performed by the cluster controller 162 can be implemented by the network management 
computer system 122 described above and located in the hub 114 of FIGURE 5. Because the 
cluster controller 162 controls and coordinates the transmissions and receptions of all base 
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stations 106 within a cluster 160, the ATDD control method and apparatus of the present 
invention is preferably performed by the cluster controller 162. Thus, the control of time slot 
allocations for each base station 106 of a cluster 160 using the ATDD management scheme is 
preferably performed by the cluster controller 162, and not by the individual base stations 
106 of each cell 102. However, the base stations 106 monitor the bandwidth requirements of 
their respective cells 102, report results back to the cluster controller 162, and accept updates 
and commands from the cluster controller 162 thereby changing the uplink/downlink time 
slot allocations based upon the bandwidth requirements. 

[0061] Communication transactions or events between a CPE 110 (or 110') of 
FIGURE 4 and an associated base station 106 are referred to as communication "sessions." 
For example, when a residential customer accesses a CPE 110 to order a "movie on 
demand", a video services session is created. Similarly, when a business customer uses a 
CPE 1 10' to gain access to the Internet, a data services session is created. In accordance with 
the present ATDD invention, each session is preferably associated with a set of statistical 
parameters which reflect the bandwidth requirements of the session. 

[0062] Each session is preferably assigned both an "initial" and an "actual" set of 
bandwidth parameters. The initial set of bandwidth parameters can be established when the 
system is first brought "on-line" and services are initialized. The initial parameter set can 
thus be thought of as "factory-set" parameters. For example, all voice telephony calls can 
use the following initial bandwidth parameters: 64 Kbps data rate; constant bandwidth; and 
symmetric upUnk and downlink bandwidth requirements. The "actual" set of bandwidth 
parameters are created as the communication system monitors and thereby "learns" more 
about the exact nature of a given session's bandwidth requirements. After some interval of 
time after the initial parameter values are estabUshed, the values are preferably updated with 
the actual bandwidth parameters. For example, although all MPEG-2 encoded videos and 
movies may use the same initial bandwidth parameter set, they will be updated with differing 
actual parameter sets due to differing video content. Some videos will have involved special 
effects, fast scene changes, and complex imagery, and will therefore require greater downlink 
bandwidth, while others will have less demanding bandwidth needs. 
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[0063] In addition to assigning, monitoring, and updating session bandwidth 
parameters, the present ATDD invention also maintains a set of bandwidth requirement 
parameters for both the base stations 106 (FIGURES 4 and 6) and the cluster controllers 162 
(FIGURE 9) of the wireless communication system. The base station bandwidth requirement 
parameters are used in controlling the uplink/downhnk time slot allocations for a given cell 
102 (FIGURE 4). The cluster bandwidth requirement parameters are used in controlling the 
uplink/downlink bandwidths for all of the cells (and their associated base stations 106) in a 
given cluster 160 (FIGURE 9). 

[0064] Similar to the service session bandwidth parameters described above, the 
base station and cluster controller bandwidth parameters also have associated "initial" and 
"actual" values. For example, the number of expected customers and the customer types 
(z.e, residential versus business) in a given cell 102 influences the bandwidth requirements 
and uplink/downlink time-slot allocations for the cell. In accordance with the present ATDD 
invention, the bandwidth parameter value for every base station in the system is initialized to 
some desired value. The initial values are preferably based upon the number of expected 
customers and customer types serviced by each base station. However, the present invention 
is not limited to basing the initial bandwidth value only on the number of customers and the 
customer type. Virtually any factor that influences the bandwidth requirements of a cell or 
cluster can be accommodated using the present ATDD invention. Preferably, the cluster 
controller 162 provides these parameters to the base stations upon system installation. The 
cluster controller 162 is also preferably provided an initial parameter value based upon the 
number of expected customers and customer types in a given cluster coverage area. 

[0065] Both the base stations' and the cluster controller's initial bandwidth 
parameter values are updated to reflect the actual bandwidth utilization and requirements of 
the system. Using the present invention, bandwidth utilization is continuously monitored by 
the system during operation. The initial parameter set values of both the base stations and 
the cluster controller can be updated after a desired time interval. The base station preferably 
monitors all requests for service sessions including those denied due to capacity limits. The 
actual parameter set of a given cluster controller is updated by the base stations it serves. 
The base stations preferably communicate the bandwidth requirement variations to their 
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associated cluster controller. Subsequently, the cluster controller updates its initial parameter 
set and communicates these revisions to the base stations in its cluster coverage area. 

[0066] The following describes one method of monitoring and adapting to 
variations in communication link bandwidth requirements in a wireless communication 
system using the present ATDD invention. However, the present invention is not limited to 
the analysis technique described below. Several techniques can be used, as long as they 
accurately account for the bandwidth requirements of the system. No matter what technique 
is used, the present ATDD invention can be employed to flexibly adapt the uplink/downlink 
time slot allocation and bandwidth once the bandwidth requirements are determined. 

[0067] The .technique used to monitor and control the uplink/downlink 
bandwidths fundamentally comprises two phases: an initialization phase and a "tracking" or 
**monitoring/updating" phase. During the initialization phase all of the base stations and 
cluster controllers are provided with an initial set of bandwidth parameters as described 
above. During the tracking phase, the system monitors and thereby leams about the actual 
bandwidth requirements of the system. The system then adapts to the bandwidth needs by 
updating the initial bandwidth parameters with the actual bandwidth parameters. The base 
stations preferably autonomously monitor and leam about the bandwidth requirements of 
their respective links using a session-based approach. The base stations preferably report 
results back to their associated cluster controller. 
Base Station Bandwidth Analysis 

[0068] Each base station in a cell cluster preferably autonomously analyzes its 
uplink and downlink bandwidth utilization and periodically reports back to an associated 
cluster controller. In performing the utilization analyses, each base station preferably uses a 
set of pre-defined bandwidth utilization parameters. These utihzation parameters are 
preferably reported back to the cluster controller upon request by the controller. In addition 
to monitoring and updating the bandwidth utilization parameters, the base stations also track 
rejected session requests (/.e., transmission requests or sessions which were requested but not 
initiated due to capacity limitations in the link). The rejected sessions are preferably tracked 
using a different set of base station parameters. The rejected session parameters are also 
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reported back to an associated cluster controller periodically or upon request from the 
controller. 

[0069] The utilization parameters are filtered (smoothed) moments of the 
instantaneous bandwidth consumed for uplink (U) and downlink (D) bandwidth needs. 
Defining D^^\ as the uplink and downlink filtered moments (of order M, at instant n) 
then, 
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where a, <1, M = 1; 



where <1, M >1 



[0070] Un, Dn are the accumulated uplink and downlink bandwidth requirements 
influenced by the actual bandwidth parameter set of a session. For practicality issues, M<3 is 
preferable, hi a simple example where M=l, only simple averages of uplink and downlink 
traffic are used to compensate allocation parameters. 

[0071] Un, D n comprise a moving average version of the uplink and downlink 
bandwidth requirements of rejected sessions. The rejected session analysis updates the 
parameters U'n, D'n in the following way. If a session is rejected, then its bandwidth 
requirements 6U and 6D are used: 
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[0072] If a session is not rejected, then the parameters are updated using. 
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[0073] It should be noted that (1 and (2 can be different to allow different time 
constants for decay and build-up. 
Cluster Controller Analysis 

[0074] The cluster controllers preferably periodically poll their associated base 
stations and update their own bandwidth utilization parameters. One preferred method is 
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presently described. First, define the number of time slots within a frame available for 
dynamic allocation as N. Let Ni, N2 . . . Nm be positive integers where 

M 

|;n,=n 

k=l 

Due to practical considerations, preferably Ni>N2>. . .>Nm , and M is typically less than 3. 

[0075] The cluster controller preferably calculates the following bandwidth 
parameters every time a base station update occxurs: 

[0076]!) For each k(k=l,2,...M): 

(a) Sum of all uplink requirements from all associated base stations 

(b) Sum of all downlink requirements from all associated base stations 



s,^'> = 2W^. 

[0077] 2) The cluster controller then calculates an estimated bandwidth 
allocation scheme as follows: 



Nd=INT 



Q m .0 m 



[0078] 3) The estimated bandwidth allocation scheme is compared to the one 
presently being used by the controller. If there are differences between the allocation scheme 
calculated in step 2) and the one presently being used, beyond a certain pre-defined threshold, 
then the current allocation scheme is updated with the one calculated in step 2) as follows: 

if |Nd - Nd| ^ ^ then <- and N„ <- N„ 

[0079] The rejected session parameters are also analyzed. First the cluster 
controller preferably performs the following calculations: 

[0080] 1) Sum of all uplink rejected session requirements from all base stations 

[0081] 2) Sum of all downlink rejected session requirements from all base stations 

[0082] 3) Expected allocation scheme based on the rejected session parameters, 
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[0083] If there are a sufficient number of rejected sessions then they will probably 
influence the current bandwidth allocation. Therefore, the cluster controller preferably 
calculates and updates its parameters as follows: 

if Max(S„',Sd') > {le,y there is a noticeable session rejection pattern) then, 
if Nd N j| > |ii (/.e., there is sufficient deviation) then, 



[0084] else alert the entire system of this cluster's capacity limitations {i.e,, there 
is a need to increase the bandwidth capacity of this cluster) 
[0085] So, |x and 5 are constants. 

[0086] After performing these calculations the cluster controller will then update 
all of its associated base stations if the values of Nd, Nu have changed. The cluster controller 
will then re-configure its ATM equipment to accommodate changes in bandwidth 
requirements. 

[0087] The inventive ATDD method and apparatus may be implemented in 
hardware or software, or a combination of both. In particular, the bandwidth parameter sets 
associated with the communication sessions, base stations and cell cluster controllers may be 
implemented in computer programs executing on programmable processors in the base 
stations and the cluster controllers of a wireless communication system. Similarly, the 
bandwidth analysis technique described above is preferably implemented in computer 
programs executing on progranunable processors in the cluster controller. Each computer 
program is preferably stored on a storage media or device (e.g., ROM or magnetic diskette) 



z/Nd>Ndand.Nd <N-6 then, 



Nd^N,+6 



i/Nj <Ndand >6 then. 



Nd<-N,-8 

and, update the uplink allocation if the downlink has changed, 
N„4-N-N„; 
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readable by a general or special purpose computer, for configuring and operating the 
computer when the storage media or device is read by the computer to perform the functions 
described above. The inventive ATDD method and apparatus may also be considered to be 
implemented as a computer-readable storage medium, configured with a computer program, 
where the storage medium so configured causes a computer to operate in a specific and 
predefined maimer to perform the ATDD method and apparatus described above. 

10088] In summary, the invention includes an adaptive time division duplexing 
method and apparatus for dynamically adapting to the bandwidth requirements of a wireless 
communication system by allocating time slots for uplink and downlink transmissions 
depending upon the bandwidth needs of the channel. The present invention is particularly 
usefiil in broadband wireless communication systems, however it finds utility in any data 
communication system where an adaptive and dynamic time division duplexing transmission 
scheme is desired. The present ATDD invention dynamically changes the time slot 
designation in a communication link for either an uplink or downlink transmission. Thus, 
communication channels can either have a symmetric or asymmetric uplink/downlink 
bandwidth characteristic. A myriad of time slot allocation schemes are possible. A 
simplified time slot allocation scheme is described which uses a "firame-based" approach. 

[0089] In one preferred embodiment of the present invention, channel efficiency 
and data bandwidth improvements are achieved by using bandwidth requirement parameters 
to monitor and update the communication link time slot allocations. In accordance with this 
technique, both an "initial" and an "actual" set of bandwidth parameters are maintained and 
updated by the system. The initial set of bandwidth parameters are established when the 
system is first installed. As the system leams more about the actual bandwidth needs of a 
channel, it updates the initial values with the actual values to accurately reflect the actual 
bandwidth requirements of the channel. Thereafter, the actual values are updated 
periodically as dictated by the changing bandwidth requirements of the channel. 

[0090] A number of embodiments of the present invention have been described. 
Nevertheless, it will be understood that various modifications may be made without 
departing fi-om the spirit and scope of the invention. For example, although an exemplary 
wireless communication system is described, the present ATDD invention can be used in any 
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communication system where an adaptive time division duplexing method is required or 
desired. Similarly, although the present invention can be used to adaptively allocate 
uplink/downlink bandwidths in a radio link, it can also be used to facilitate asymmetric 
bandwidth allocations in a stable (/.e,, not dynamic) radio communication link. Similarly, the 
present invention is not Hmited by the time slot allocations described above. Virtually any 
number of time slot allocations (and thus, uplink/downlink bandwidth ratios) can be realized 
using the present ATDD invention. Further, the scope of the present invention is not limited 
to the exemplary bandwidth analysis technique described above. Rather, any technique 
which accurately monitors the bandwidth requirements of a communications link may be 
used with the present ATDD invention. Once the bandwidth requirements of a channel are 
determined, the present invention may be used to dynamically allocate the uplink/downlink 
time slots accordingly. 

[0091] Accordingly, it is to be understood that the invention is not to be limited 
by the specific illustrated embodiment, but only by the scope of the appended claims. 
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